A β-GlcNAc-Le X tetrasaccharides and another α-Gal-Le X analog have been synthesized for studying interaction with toxins produced by the human pathogen Clostridium difficile. Le X based-trisaccharides bearing either a 2-azidoethyl or a 6-azidohexyl aglycone have been employed in the total synthesis to afford the desired tetrasaccharides. Interestingly, during the final catalytic hydrogenation step to remove benzyl, benzylidene protecting groups and simultaneously reduce azide functionality, partial N-methylations were observed. The N-methylations appear to be a general issue with catalytic hydrogenation of azides in methanol.
were then removed. To prevent the ring opening of cyclic imide and also reduce chances of nucleophilic side reactions or β-elimination on the 2-chloroethyl group, a milder transesterification condition was carried out using a methanolic guanidine/guanidium solution; such a condition was reported 16 to be milder enough to preserve the integrity of the sensitive N-2,2,2-trichloroethoxycarbonyl (N-Troc) group. Indeed, the Otransesterifications were found to be complete after 30 minutes to afford the desired diol 8 in excellent yield (96%). Neither the N-phthalimido nor the chloride group was affected. In the 13 C NMR spectrum (DEPTQ), a methylene carbon peak was observed at 42.5 ppm, which was assigned to be the methylene group that had the chloride attached to. A subsequent glycosylation of the trisaccharide acceptor 8 with 3,4,6-tri-O-acetyl-2-N-phthalimido-protected thioglucoside donor 9 14 (3 equivalents) was then carried out using similar activation conditions as above; this reaction was found to work well by starting from -50 °C and subsequently letting the temperature warm up to -10 °C. The desired tetrasaccharide 10 was obtained in very good yield (85%) after a column chromatography on silica gel using 35% ethyl acetate -toluene as the eluent. Conforming with previous reports, 17, 14, 15 the OH-3 of the β-galactopyranosyl residue is less sterically hindered, thus more accessible to be glycosylated. The chloride was then substituted by sodium azide in N,N-dimethylformamide at 90 °C for 48 hours to afford the fully protected tetrasaccharide 11 in excellent yield (91%). The evidence of azide substitution was provided by electrospray high resolution mass spectrometry (ESI HRMS) as well as by 13 C NMR. For example, a methylene carbon peak at 50.5 ppm was observed, which corresponds to the typical -CH 2 N 3 group that is present in the expected product 11; in the ESI HRMS, an m/z at 1574.5424 was observed, which corresponds to the expected D r a f t sodium adduct of the molecular ion of compound 11: [C 83 However, when the aglycone regions of both tetrasaccharides were carefully examined, it became evident to us that none of two deprotections gave a single compound. For example, the methylene protons beside the amine functionality of products obtained 11 had an unusually complex patterns and were observed between 3.30-3.06 ppm regions. Normally, we expected these two protons to be diastereotopic and each of them should appear as a doublet of doublets of doublets (ddd). Additionally, we observed two singlets at 2.83 ppm and 2.65 ppm. These could suggest partial Nmethylations of formed primary amine. Similar complications were observed for the deprotection of tetrasaccharide 16. For example, the methylene protons beside the amine functionality of the hexyl aglycone were expected to be a triplet with an integration of two protons. However, we observed two sets of peaks at 3.01 ppm and 2.87 ppm -each of them were integrated to be less than 2 protons; while the set of peaks at 2.87 ppm appeared to be a normal triplet, the set of peaks at 3.01 ppm appeared to be more complex. Moreover, two singlets at 2.78 ppm and 2.61 ppm were also observed. These patterns also suggested the obtained products to be also partially N-methylated.
The more affirmative proofs were finally obtained from the ESI HRMS spectra of both products. As can be seen in Figure 4 , in the products obtained from the deprotection of compound 11, three tetrasaccharides were observed: the presence of the expected (expected: 804.3608); for both compounds 17 and 18, the molecular ions of their sodium adducts were also observed (see Figure 4) .
Similarly, in the isolated products from the deprotection of compound 16 ( Figure   4 ), we also observed three tetrasaccharides which correspond to the expected The origin of N-methylations could be attributed to the presence of trace amount of formaldehyde in methanol, which reacts instantly with the primary amine formed from reduction of azido functionality in each case to form an imine intermediate that was
subsequently hydrogenated. It is important to note that the methanol used in our experiments was redistilled over magnesium methoxide and stored under argon. When and how the formaldehyde was formed remained puzzling to us. To confirm if other azides could suffer similar N-methylation problems, we used 11-azidoundecan-1-ol 19 as a substrate to carry out the hydrogenation in undistilled methanol, using either palladium (II) hydroxide (20%) on charcoal or palladium (5%) on charcoal as a catalyst. As expected, after hydrogenation, the 11-aminoundecan-1-ol product was formed as the major product in both conditions. However, ESI HRMS also confirmed both the N-monoand N,N-dimethylated side products were also formed in small amounts (0.5 -5%) from both hydrogenation conditions, suggesting the consistent presence of formaldehyde in the both reaction conditions.
Conclusions
We have successfully completed the synthesis for two tetrasaccharides that respectively contain the β-GlcNAc-Le X and α-Gal-Le X sequences for studying the as the azide functionality is commonly used as a masked amine group for future bioconjugation. We are currently carrying out a systematic study on the origin of formaldehyde.
Experimental Section

General methods
Optical rotations were determined in a 5 cm cell at 25 ± 2°C. 
2-Chloroethyl 2,3-di-O-acetyl-4,6-O-benzylidene-β
β β β-D-galactopyranosyl-(1→ → → →4)- [2,3,4-tri-O-benzyl-α α α α-L-fucopyranosyl-(1→ → → →3)]-6-O-benzyl-2-deoxy-2-phthalimido-β β β β-
D-glucopyranoside (7).
To a solution of trisaccharide 5 14 (347 mg, 0.271 mmol) and 2-chloroethanol 6 (37 µL, 0.54 mmol) in anhydrous CH 2 Cl 2 (5 mL), was added molecular sieves 4 Å (500 mg), and the mixture was stirred for 1 hr at room temperature. The mixture was cooled to -78 °C,
and N-iodosuccinimide (65 mg, 0.27 mmol) was added; a solution of saturated triflic acid in CH 2 Cl 2 (110 µL) was added dropwise, and the reaction was allowed to warm up to room temperature. After 1 hr, the reaction was quenched with the addition of Et 3 N (0.5 mL), and mixture was filtered off, and the solid washed with EtOAc (40 mL). The organic solution was extracted with a 1:1 mixture of 5% aqueous NaHCO 3 and 5% Na 2 S 2 O 3 solutions (40 mL), dried over anhydrous Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel using 30%
EtOAc -hexane to afford the desired trisaccharide 7 (287 mg, yield 87% 
2-Chloroethyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-β
To a solution of trisaccharide diol 8 (70 mg, 0.062 mmol) and thioglycoside 9 (105 mg, 0.186 mmol) in anhydrous CH 2 Cl 2 (1.5 mL), was added molecular sieves 4 Å (300 mg), and the mixture was stirred for 1 hr at room temperature. The mixture was cooled to -50 °C, and N-iodosuccinimide (44 mg, 0.186 mmol) was added; a solution of saturated triflic acid in CH 2 Cl 2 (37 µL) was added dropwise, and the reaction was allowed to warm up to -10 °C. After 2 hr, the reaction was quenched with the addition of Et 3 N (0.3 mL), and mixture was filtered off, and the solid washed with EtOAc (25 mL). The organic solution was extracted with a 1:1 mixture of 5% aqueous NaHCO 3 and 5% Na 2 S 2 O 3 solutions (15 mL), dried over anhydrous Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel using 35% EtOAc -toluene to afford the desired tetrasaccharide 10 (82 mg, yield 85%). R f 0.15 (35% EtOAc -toluene).
[α] D -41° (c 0. brine (2 ×15 mL), dried over anhydrous Na 2 SO 4 , and evaporated under reduced pressure.
The residue was purified by column chromatography on silica gel using 30% EtOActoluene to afford the desired azide 11 (64 mg, yield 91%). R f 0.13 (35% EtOAc - 
6-Azidohexyl 4,6-
To a solution of the previously reported trisaccharide diol 12 15 (50 mg, 0.042 mmol) and thioglycoside 14 (72 mg, 0.12 mmol) in anhydrous CH 2 Cl 2 (1.5 mL), was added molecular sieves 4 Å (150 mg), and the mixture was stirred for 1 hr at room temperature.
The mixture was cooled to -78 °C, and N-iodosuccinimide (30 mg, 0.12 mmol) was added; a solution of saturated triflic acid in CH 2 Cl 2 (20 µL) was added dropwise, and the reaction was allowed to warm up to -30 °C. After 45 minutes, the reaction was quenched with the addition of Et 3 N (0.2 mL). The mixture was filtered off, and the solid washed with EtOAc (20 mL). The organic solution was extracted with a 1:1 mixture of 5% A solution of tetrasaccharide 11 (50 mg, 0.032 mmol) was dissolved in n-butanol (3.0 mL); 1,2-ethylenediamine (700 µL) was added and the mixture was heated to 100 °C for 24 h. The solution was evaporated to dryness under vacuum. The residue was redissolved in anhydrous pyridine (2.0 mL) and acetic anhydride (1 mL) was added; and the mixture was stirred at 50° C overnight. The mixture was concentrated under reduced pressure and co-evaporated with toluene (3 times). The obtained residue was dissolved in anhydrous methanol, and treated with a solution of methanolic NaOMe (1.5 M, 100 µL).
After stirring at room temperature for 1 hr, the solution was neutralized with AcOH, and concentrated to dryness. 
